The purpose of this study is to design a Moroccan Trail Making Test B; explore the effects of age, education and gender on the performance of the Trail Making Test (TMT); and provide normative information in Moroccan subjects. Our normalization study was conducted on 348 subjects (156 female and 192 male). The subjects were classified into four groups based on age (18 -39 years, 40 -59 years, 60 -69 years and ≥70 years), and three groups based on educational level (3 -6 years, 7 -10 years and ≥11 years). The data were analyzed using descriptive statistics through SPSS. The results displayed that increasing age and decreasing levels of education significantly result in a decreased performance on the Trail A, Moroccan Trail B and English Trail B. Only 229 bilingual subjects among the 348 initial subjects completed both versions of Trail B. There was no significant difference on performance between Moroccan Trail B and English Trail B for these subjects.
Introduction

Description of the Trail Making Test
The original form of Trail Making Test was named The Taylor Number Series.
Later, Partington revised it in 1938, and renamed it as Test of Distributed Attention [1] . Prepared and renamed by psychologists in the United States Army in 1944, Trail Making Test was part of the Army Individual Test of General Ability.
Subsequently it was incorporated into the Halstead-Reitan Battery [2] . [5] .
The TMT consists of two parts: TMT-A and TMT-B. The part A consists of one sample test and one task. Subjects have to connect the numerated circles from 1 to 25, which are randomly spread over a sheet of paper, in an ascending order (as 1-2-3-4-…) as quickly as they can. The time taken to join consecutive numbers is the score, as it reflects the visual search ability and motor skills. Part B consists of a sample test as well as the main task. Subjects are asked to combine randomly spread numbers (from 1 to 13) and letters (from A to L) with straight (direct) lines. The subjects must provide correct alignment of both numbers and letters in an ascending order, as one number and one letter (1-A-2-B-3-C-…) as fast as they can. The score is only based on the time taken which reflects the ability for cognitive alternation. In case of an error the examiner corrected it immediately, and the subject proceeded from the point where the mistake occurred (at the expense of additional time).
Other Versions of the Trail Making Test
Different forms were developed from The TMT test, like Comprehensive Trail Making Test [2] , The Symbol Trail Making Test [6] , The Clock Trail-Making Test [7] , Color Trails Test [8] , and The Expanded Trail Making Test [9] .
Various versions of the TMT are also available. They were adapted to different cultures and languages: Arabic [10] [11], Chinese [12] , Hebrew [13] , Japanese [14] , Italian [15] , Indian [16] .
Neuroanatomical Correlates
The results from the Functional Magnetic Resonance Imaging (fMRI) Study identify significantly greater activation during the TMT in right inferior/middle frontal cortices, right precentral gyrus, and left angular gyrus/left middle temporal gyrus [17] . These are the regions that most likely underlie cognitive flexibility during the TMT and are candidate regions underlying the impairment of groups with poor set-shifting abilities. These results are consistent with those presented in these studies [18] [19] [20].
Sensitivity to Neurocognitive Deficits
Trail Making Tests are sensitive to progressive cognitive decline in brain damage, schizophrenia, dementia and learning disorders [2] [21] [22] . Performances on Trails A and B decline with advancing age (with greater variability between individuals with increasing age), and lower levels of educational achievement [2] . Cultural/linguistic variables may affect test scores [23] 
Language Situation in Morocco
Morocco is characterized by language and cultural complexity. Moroccan society has had a long tradition of multilinguism and multiculturalism. This became more prominent since the beginning of the twentieth century as a consequence of colonization and international processes, most notably globalization [27] . In 1912, the French language was introduced by the French protectorate as the principal language of literacy for most educated Moroccans. This is the case whether a student comes from a Moroccan Arabic-speaking or Amazigh-speaking milieu. Since 1987, in public schools, French is learned as a second or third language and a second literacy after Arabic when children enter the second grade of primary school. English is studied as a third language when a student enters the ninth grade of secondary school. In private schools French and English are usually introduced during earlier stages of childhood, and sometimes before introducing the Arabic language.
In Morocco English enters into competition with French. Enrollments in English language programs have been growing exponentially over the past five to ten years. Although the Moroccan Government has announced its desire (in 2015) to replace French with English as the primary language of higher education, it has yet to take the necessary steps. This fact is shared among some North African countries, namely Algeria and Tunisia [28] .
This situation of language complexity influences Moroccan neuropsychologists, both clinicians and researchers, about which language to use to examine the performance of Moroccans, on currently available neuropsychological tests. Unfortunately, for educated Moroccan subjects, most neuropsychological tests and their norms are thus applicable to most cultural groups in the western country. Adapting tests is necessary for linguistic and sociocultural differences.
Objective of the Study
The purpose of the study is to provide the initial normative information of Moroccan version of the TMT for educated Moroccan subjects; to examine the influence of age, gender and education level on the time necessary to complete the test; and to use our normative information on the TMT for cross-cultural comparisons of the TMT performance.
Methods
Ethics
All subjects were informed about the objectives and procedures involved in the study, and provided oral informed consent prior to the interviews and tests.
Subjects
This study was conducted between October 2011 and February 2012, it involved 348 healthy volunteers from undergraduate university classes, university staff, social organizations and a pool of people employed in or retired from govern- 
Test Procedure
The Moroccan version of the MMSE [29] , the Trail Making Test-A, English Trail B and Moroccan Trail B, were administered by two trained clinical neuropsychologists. The TMT was conducted according to the standard administration procedure described by [2] .
In the Moroccan version of Trail B (see Figure 1 ), the Arabic numerals were Before each part of the test, a practice trial was administered to make sure the individuals understood each task. The time to complete each part of the TMT was recorded, which represented the TMT-A and TMT-B scores (in both versions). If the subject made mistakes, the examiner corrected it immediately. Errors were also counted, but were not considered an indication of the performance level of the subject.
Statistics
The data was analyzed using SPSS 13.0, separated into the Kruskal-Wallis Test 
Analysis 2: Aging Effect
The subjects were classified into four groups according to age: Multiple comparisons by Tests post hoc in the SPSS show that there were significant differences in the completion time of the Trail-A, between the 3 -6 and 7 -10 years of educational groups (p = 0.000); and between the 3 -6 and ≥11-years of educational groups (p = 0.000), but not between 7 -10 and ≥11-years of educational groups (p = 0.39).
For both versions of Trail-B (Moroccan/English), significant differences were found between the 3 -6 and 7 -10 years of educational groups (p = 0.000), and between the 3 -6 and ≥11-years of educational groups (p = 0.000), whereas no significant differences were observed between 7 -10 and ≥11-years of educational groups (p = 0.28 in Moroccan TMT-B and p = 1.000 in English TMT-B).
Normative Data for TMT Scores
On the basis of the analysis of the effect of demographic variables, it was decided to stratify the norms of Trail-A and both versions of Trail B by age and education. The scores were divided into 4 age groups and 3 educational levels. The performance scores of the Trail A, Moroccan Trail B, English Trail B, Moroccan Trail B-A, English Trail B-A, stratified by age and education were shown in the forms of a mean, and standard deviation (see Table 1 ).
Discussion
Gender Effect on the TMT
The analysis of the effect of gender confirmed that there is no significant impact on Trail A, Moroccan Trail B and English Trail B performance, a finding which is consistent with other studies [14] [30] while studies, found that females have longer time scores than males in TMT-A [31] . In this respect [15] , found that gender has a significant influence on TMT scores.
Aging Effect on the TMT
The time of the completion of the TMT was markedly increased in the 60 -69 years and ≥70 year's groups in comparison with younger adults (18 -39 years, 40 -59 years). The findings and statistical analyses show that increasing age is highly associated with low performance in the 3 trails. These results are consistent with those presented in previous studies [14] 
Educational Effect on the TMT
Our data suggest that the educational effect on TMT scores becomes apparent 
A Comparison of Present Study Results and Other Published Studies
Our study is one of the first conducted in the Greater Maghreb countries on the issue of examining TMT scores in a sample of subjects. As expected we have found different TMT scores between the present study and those reported by other published studies. Incomparability of samples and administration differences were the most likely factors accounting for differences when a cross-cultural comparison of test results is [34] [35].
The demographic characteristics are not similar to the other two Arabic TMT studies [10] [11]. In Stanczak et al. [10] , a sample of 77 Arabic-English bilingual
Normal Sudanese, most of whom were functioning in a professional capacity.
Their ages ranged from 17 to 31 years. In Abdul Razzak [11] , she studied 152
Arabic-English bilingual medical students, from three Arabian Gulf states (be- The present study does not provide a rationale for finding differences in TMT performance. Arab countries share the classical form of the written Arabic language but language situation and ethnocultural characteristics are incomparable.
Abdul Razzak [11] , explained that socioeconomic status, nutrition, education, and health care are better in the Arabian Gulf states than other Arab countries.
Accordingly, it seems unlikely that Arabic TMT norms are uniform for all Arabic countries.
In the English TMT with Latin letters and Arabic numbers, we found the Ara- [36] , age is the most important demographic variable in TMT performance.
Abdul Razzak's sample included only medical students. The Moroccan sample is composed of undergraduate university students from different departments, university staff and some social organizations. According to Bezdicek et al. [37] , educational effects may go far beyond years of education and can possibly be a driving force in sociocultural differences in test performance. We accept Fernandez & Marcopulus hypothesis [35] that in TMT studies the most likely source of variability in international normative values is method bias. Incomparability of samples and administration differences may be the main reason the norms are not comparable, and do not reflect real differences in the underlying construct [35] .
In the present study 229 dominant bilingual subjects completed both versions of Trail B (Moroccan Arabic and English). There was no difference in observed performance in TMT completion times. In contrast, Abdul Razzak [11] found that the scores on the English TMT (both parts) is significantly better than the Arabic TMT among the participants who use Arabic as their native language.
Conclusion
In this study our goal was to adapt TMT-B to Moroccan subjects. We examined the effect of demographic factors on the performance of Trail A, Moroccan Trail B and English Trail B. Our findings should be considered preliminary until more matched samples can be examined. Moroccan neuropsychologists (clinicians or researchers) can use both versions of Trail B in order to determine the degree to which the TMT scores reflect a deterioration in the performance of different ages and levels of instruction.
